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Abstract — Understanding how neurons and glia sort and deliver cell adhesion molecules to their cell surface should provide 
important clues as to how such molecules participate in dynamic neuronal functions in the developing and adult brain. The 
present study examines translocation of polysialylated neural cell adhesion molecule (PSA-NCAM), a negative regulator of 
cell adhesion, in cells of the rat hypothalamo-neurohypophysial system in which it is expressed throughout life and which 
undergo morphological remodelling in response to stimulation. PSA-NCAM expression in this system does not vary 
markedly in relation to different conditions of regulated neurosecretion, suggesting that the glycoprotein reaches cell 
surfaces via the constitutive pathway. To study this more directly, we here used immunofluorescence for PSA on NCAM 
in live, unpermeabilized cells to monitor PSA-NCAM surface expression in organotypic slice cultures from postnatal rat 
hypothalami. Subsequent immunolabelling for oxytocin confirmed that the cultures included magnocellular oxytocinergic 
neurons displaying many properties of adult neurosecretory neurons in situ. 

In the cultures, immunoreaction for PSA-NCAM was visible on the surface of oxytocinergic and non-oxytocinergic 
axons. This reaction disappeared after exposure of the cultures to endoneuraminidase, an enzyme which specifically cleaves 
a-2-8-linked PSA from NCAM. PSA-NCAM reappeared on axonal surfaces 4 h after enzyme washout. Such reexpression 
was visibly not affected by neuronal activity inhibition (blockade of Ca 2+ channels with Mn 2+ , of Na + channels with 
tetrodotoxin, or of glutamate receptors with 6-cyano-7-nitroquinoxaline-2,3-dione or D-2-amino-5-phosphonopentanoic 
acid) or facilitation (K + depolarization or GAB A- A receptor blockade with bicuculline). In contrast, PSA-NCAM surface 
translocation was inhibited reversibly by cooling the cultures at 20°C, a procedure which blocks constitutive secretion and 
which resulted in accumulation of PSA-NCAM in the cytoplasm of oxytocinergic and non-oxytocinergic neurons. This 
treatment also revealed PSA-NCAM in the cytoplasm of underlying astrocytes. 

Our observations provide direct evidence that PSA-NCAM reaches the cell surface of hypothalamic neurons and astro- 
cytes via the constitutive pathway, independently of Ca 2+ entry and enhanced neuronal activity. Thus, PSA-NCAM in the 
hypothalamo-neurohypophysial system would be continuously available to permit its cells to undergo remodelling whenever 
the proper stimulus intervenes. © 2001 IBRO. Published by Elsevier Science Ltd. All rights reserved. 
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Due to its negative charge and large hydrated volume, 
poly sialic acid (PSA) on the neural cell adhesion mole- 
cule (NCAM) greatly attenuates adhesion. PSA consti- 
tutes up to 30% of the highly sialylated NCAM isoform, 
PSA-NCAM, thus rendering this cell surface glyco- 
protein an excellent molecular candidate to intervene in 
dynamic cellular changes underlying cell migration, 
neuritic outgrowth and neuronal plasticity (reviewed in 
Refs 32 and 34). To further understand the function of 
PSA-NCAM in the brain, one approach is to analyse the 
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mechanisms by which it reaches the cell surface, in the 
different cells in which it is expressed. Such studies have 
provided conflicting observations so far since PSA- 
NCAM was shown to reach cell surfaces of cultured 
cells of neuroendocrine 1 or tumor 36 origin via the consti- 
tutive pathway and in cultured neurons and endocrine 
cells via the activity-dependent regulated pathway. 21,27 

In the present study, we examined the influence 
of neuronal activity on PSA-NCAM expression in a 
system which has served often to analyse regulated neuro- 
secretion, namely, the hypothalamo-neurohypophysial 
system that secretes the neurohormones oxytocin 
and vasopressin (for a review see Ref. 15), The 
hypothalamo-neurohypophysial system expresses 
high levels of PSA-NCAM throughout life,* 22 - 28 - 39 - 43 
an expression which is essential to its capacity to 
undergo morphological remodelling in response to 
physiological stimulation. 39 In our earlier studies, 5,39,43 
we reported that PSA-NCAM expression in the adult 
hypothalamo-neurohypophysial system, evaluated by 
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immunocytochemistry and immunoblot analysis, did not 
vary significantly in relation to physiological conditions 
known to modulate its biosynthetic and secretory activ- 
ities. Indeed, expression of PSA-NCAM differs markedly 
from that characterizing the neurohypopysial hormones or 
molecules like F3/contactin, 41 another cell adhesion mole- 
cule of the immunoglobulin (Ig) superfamily made by 
magnocellular neurons 2931 and which follow the activity- 
dependent patterns of biosynthesis and transport character- 
izing molecules packaged in neurosecretory vesicles (for a 
review see Ref. 7). 

To examine more directly the influence of neuronal 
activity on PSA-NCAM expression in hypothalamo- 
neurohypophysial system neurons and glia, we here 
used an in vitro model of the system, namely, organo- 
typic slice cultures obtained from postnatal rat hypo- 
thalami. Earlier observations have established that 
these cultures are enriched in neurons secreting oxytocin, 
with morphological, electrophysiological and secretory 
properties similar to those of adult cells in vivo. 16,18 " 20 
Moreover, the hypothalamic slices from which the 
cultures derive include inhibitory and excitatory afferent 
inputs controlling the activity of the neurons. 18 A major 
advantage of such cultures is that they allow us to visua- 
lize neurons in their entirety (see also Ref. 17). In the 
present experiments, therefore, double immunofluores- 
cence for PSA on NCAM and for OT-related neuro- 
physin (OT-Np) made it possible to monitor delivery of 
PSA-NCAM over the entire surface of individual, iden- 
tified, live cells. This was further facilitated by prior 
treatment with endoneuraminidase (endoN), an enzyme 
which does not penetrate into cells and which specifically 
cleaves a-2-8-linked PSA residues from the extracellular 
domain of NCAM, without altering its backbone. 45 

EXPERIMENTAL PROCEDURES 

The experiments were carried out on organotypic cultures 
obtained from slices of postnatal hypothalamus which included 
the supraoptic (SON) nuclei. The animals, six day-old male or 
female Wistar rat pups, were born and raised in the animal facil- 
ities of our Institute and were maintained under controlled 
temperature and light conditions. The cultures were prepared 
according to the roller tube method of Gahwiler, using a proce- 
dure described in detail in Ref. 20. All efforts were made to 
minimize the suffering and number of animals used and all our 
experiments conformed to local and international guidelines on 
the ethical uses of animals. 

Visualization of polysialylated neural cell adhesion molecule 

To visualize PSA-NCAM in the cultures, we used standard 
immunofluorescence techniques, according to procedures 
described in detail in our earlier studies. 518 Briefly, for single 
immunolabelling, after fixation in 4% paraformaldehyde and 
0.15% picric acid in phosphate-buffered saline (PBS, 2 h, room 
temperature), the cultures were first treated with casein (0.5% in 
PBS) for 1 h to block non-specific sites, and then incubated in an 
antibody which specifically recognises PSA on NCAM (kindly 
provided by G. Rougon); its production and characterization are 
described in detail in Ref. 33. It is a mouse monoclonal IgM 
recognising specifically a-2,8-linked PSA with chain length 
greater than 12 residues. The virtual absence of PSA in 
NCAM-dcficient mice has provided the most compelling 
evidence that NCAM is indeed the major carrier of PSA in the 
CNS. ,tU0 The antibody was used at a dilution of 1/4000-1/6000 



and the cultures were incubated for 24-48 h at 4°C. For 
double immunolabelling, they were incubated for 48 h at 4°C in 
mixtures of primary antibodies containing anti-PSA-NCAM 
(diluted 1/4000) and mouse monoclonal IgGs raised against 
oxytocin-related neurophysin (OT-Np, diluted 1/400, kindly 
provided by H. Gainer; see Ref. 4 for its production and specific- 
ity). In a few cases, the anti-OT-Np antibodies were replaced by 
mouse monoclonal anti-glial fibrillary acidic protein (GFAP, 
diluted 1/500, Sigma, France), recognising astrocytes, or the 
axonal marker, 35 anti-neuronal growth associated protein-43 
(GAP-43, diluted 1/500, Boehringer Mannheim France). All 
primary antibodies were diluted in Tris-buffered saline containing 
0.25% bovine serum albumin. Rat fluorescein thiocyanate 
(FITC)-conjugated anti-mouse IgM Igs (diluted 1/500, Immuno- 
tech, France) served to identify PSA immunoreactivity and goat 
anti-mouse IgGs conjugated with Texas Red (diluted 1/500, 
Biosys, France) OT-Np, GFAP or GAP-43 immunoreactivities. 
Controls included omitting primary antibodies or substitution by 
diluted mouse ascites fluid containing IgM irrelevant antibodies. 
No specific staining was visible on these preparations. 

The cultures were mounted with fluoromount (Vectashield, 
Vector Laboratories) and examined with standard epifl uorescence 
(Leica DMRB) or confocal microscopy (Inverted CSLM System, 
Molecular Dynamics, Sunnyvale, CA) with appropriate filters. 
For the latter, serial optical sections were collected (1 jim/step; 
pixel size 0. 1 1 p,m); each section was examined individually or 
was used to generate projections. 

Effect of neuronal activity 

Cultures, at least three weeks old, were first incubated with 
endoN diluted 1/10000 from a stock solution containing 1 mg 
protein/ml. The activity of the enzyme was titrated to be 
3500 U/mg. The enzyme had been purified from phage Kl; 46 it 
degrades rapidly and specifically linear polymers of sialic acid 
with a-2,8-linkage with a minimum length of seven to nine resi- 
dues, characteristic of sialic acid residues associated with 
NCAM. 13 After a 12 h incubation, PSA-NCAM was no longer 
visible on cell surfaces, as judged by immunohistochernistry for 
PSA (see Fig. 2). 

To study surface reexpression of die glycoprotein (in 26 inde- 
pendent experiments), the cultures were carefully rinsed of 
enzyme, and then incubated for 2-8 h, at 37°C, in culture medium 
that included anti-PSA-NCAM. The antibody was added alone 
(diluted 1/4000; n = 47 cultures) or together with factors which 
affect Ca 2+ entry (4 jxM Mn 2+ ; n = 13) 6 or neuronal activity, such 
as 0.25 u,M tetrodotoxin (TTX, Sigma; n = 9), 6-cyano-7-nitro- 
quinoxaline-2,3-dione (CNQX) and r>2-amino-5-phosphono- 
pentanoic acid (AP5; Sigma; 20 and 50 u-M, respectively; 
n = 5), 56 mM KC1 (n=14), or 10p,M bicuculline (Sigma; 
n = 5). After careful rinsing, all cultures were fixed in freshly 
prepared 4% paraformaldehyde and 0.15% picric acid in 0.1 M 
sodium phosphate buffer (2 h, room temperature). They were then 
incubated with anti-OT-Np antibodies. Double immunofluores- 
cence was used to visualize immunoreactivities. 

Effect of temperature 

A temperature- induced transport block was produced by main- 
taining the preparations at 20°C (see also Refs 24 and 26). This 
was carried out on cultures that had been exposed previously to 
endoN for 12 h, as described above. After enzyme washout, the 
cultures were left for 24 h in a room kept at 20°C (n — 9, in six 
independent experiments). Following careful rinsing, some were 
fixed in 4% paraformaldehyde and 0.15% picric acid (2 h, room 
temperature). Another group was brought back to 37°C for 4-7 h 
after cooling and then fixed. All cultures were then incubated in 
combinations of antibodies that included anti-PSA and anti-OT- 
Np or anti-GFAP antibodies; immunoreactivities were revealed 
by immunofluorescence. 

RESULTS 

As we have reported earlier, 18 - 20 hypothalamic neurons 
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and glia differentiate well in our organotypic slice 
cultures in which they can be maintained for relatively 
long periods of time (over one month). By three weeks in 
vitro, the slices thin out and this allows us to visualize 
neurons in their entirety, Immunolabelling with anti- 
bodies against OT-Np reveals many oxytocinergic 
neurons, occuring in clusters (Fig. 1A) and displaying 
morphological characteristics of OT neurons in situ 
(Figs 1A, D, 4A). In the present study, double immuno- 
fluorescence revealed a rich PSA immunolabeling in 
these cultures, limited to surfaces of axonal-like fibers 
of some neurons, that were or not oxytocinergic (Fig. 
1C1, Dl, El). Unlike dendritic-like neurites, such fibers 
had regular diameters, and displayed dilatations of 
various sizes along their length (Fig. 1B-E). The 
axonal-like nature of the PSA-positive fibers was 
confirmed in some cultures by their immunoreaction 
for GAP-43 35 (Fig. IE). 

Light and confocal microscopy showed that PSA 
immunoreactivity occured in a discontinuous manner 
on the labelled axonal surfaces (Fig. 1C1, Dl, El). Not 
all oxytocinergic axons displayed PSA immunoreactivity 
(Fig. 1C1). PSA immunolabel was not detected intra- 
cellularly, nor on the surface of somatic or dendritic 
profiles (Fig. ID, Dl). 

To follow the appearance of newly formed PSA- 
NCAM on cell surfaces, we first removed preexisting 
PSA on NCAM with endoN and then monitored its 
reappearance with immunofluorescence in live cultures 
at different times following enzyme washout. After a 
12 h exposure to endoN, PSA immunoreaction was no 
longer detectable on any surface in the cultures (Fig. 
2A1). The enzyme treatment, even when prolonged for 
24 h, did not affect the viability of the cultured cells since 
there was no evidence of cell swelling or death. PSA 
immunoreactivity became visible again on the surfaces 
of some axons 4 h after enzyme washout (Fig. 2B1) and 
by 7 h, many fibers, oxytocinergic or not, displayed PSA- 
immunoreactivity on their surfaces (Fig. 2C1). 

The reappearance of PSA immunoreactivity on axonal 
surfaces after endoN treatment of the cultures appeared 
visibly unaltered when they were exposed to factors 
known to affect neuronal activity. Thus, Mn 2+ blockade 
of Ca 2+ entry 14 (Fig. 3A1) or blockade of voltage- 
dependent Na + channels with TTX (Fig. 3B1) did not 
affect PSA-NCAM surface reexpression so that PSA 
immunoreactivity was visible on axonal fibers 4 h after 
enzyme washout. Likewise, facilitation of electrical 
activity by K + depolarization (Fig. 3C1) resulted in 
PSA surface immunolabelling similar to that in control 
cultures. Our earlier observations 18,19 have established 
that the electrical activity of OT neurons in these 
cultures, as in vivo, is controlled essentially by GAB A 
and glutamate synaptic inputs. In the present experiments, 
we therefore inhibited all glutamate activity with the 
antagonists, CNQX and 5-AP, yet this did not visibly 
affect reappearance of PSA immunoreactivity on axonal 
surfaces after endoN washout. Likewise, blockade of 
inhibitory inputs with the GABA-A antagonist, bicuculline, 
had no effect on the reappearance of PSA immunoreactivity. 
In contrast, reexpression of PSA-NCAM on axonal 



surfaces after endoN treatment was completely blocked 
in cultures cooled to 20°C for 24 h. Such cooling is 
known to arrest the constitutive pathway of delivery of 
glycoproteins destined for the ceil surface by blocking 
them in the trans Golgi network (TGN; reviewed in Refs 
24 and 26). In the cooled cultures, we were thus unable to 
detect any PSA immunoreactivity on any axonal surface 
with light or confocal microscopy. However, it heavily 
filled the cytoplasm of neuronal somata (Fig. 4 A). In 
accord with earlier observations, 24 * 26 we found that the 
effect of cooling was reversible since PSA immuno- 
reactivity disappeared progressively from the cytoplasm 
of neuronal somata (Fig. 5A1) and began to appear on 
axonal surfaces (Fig. 5B1) within 4h of warming the 
cultures to 37°C. It is noteworthy that it is difficult to 
detect PSA immunoreaction in underlying glia in normal 
cultures (Figs 1-3) yet after cooling, a variable amount 
of reaction was visible in the somata and processes of 
these cells as well (Fig. 4B). 

DISCUSSION 

As in y/vo, 5,22,28 ' 39 ' 43 magnocellular neurons maintained 
in organotypic slice cultures obtained from postnatal rat 
hypothalamus express high levels of PSA-NCAM. Since 
our in vitro preparations made it possible to react anti- 
PSA antibodies directly with live cells, and since we 
could visualize the cultured neurons in their entirety, 
we were able to establish that PSA-NCAM cell surface 
expression in these cells is polarized to their axons, in the 
presence or absence of stimulation. This agrees with 
earlier morphological and immunoblot observations 
showing that there is much PSA-NCAM in the neuro- 
hypophysis, composed essentially of neurosecretory 
axons and terminals, regardless of the condition of the 
animal. 22 ' 39,43 Moreover, our present data are in agree- 
ment with electron microscopic observations that 
revealed strong PSA-NCAM immunoreactivity on the 
surface of neurosecretory axons in the SON 39 and in 
the neurohypophysis. 22 ' 39,43 

Biochemical studies of tumoral and developing cells 
established that polysialylation of NCAM isoforms is a 
relatively rapid process 1 that occurs in the TGN 136 via 
specific poly sialyl transferases. 23 ' 23 A similar process 
must occur in hypothalamo-neurohypophysial system 
cells in which these enzymes have been detected. 37 
Like other proteins destined for the cell surface in 
eukaryotic cells, PSA-NCAM must then follow either 
of two pathways to reach cell surfaces (reviewed in 
Ref. 8), the regulated pathway, whereby, packaged and 
transported in secretory vesicles, it would be released 
when the cell is stimulated by a secretagogue or 
increased activity, or the constitutive pathway, whereby 
packaged in vesicles, it would be released shortly after 
synthesis. From our present observations, it is clear that 
PSA-NCAM follows the latter pathway in the cells of the 
hypothalamo-neurohypophysial system and arrives at 
axonal surfaces within a few hours. 

Unlike regulated secretion, constitutive secretion occurs 
quite independently of extracellular signals and is not 
closely dependent on electrical activity and enhanced 
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Fig. 2. Neuronal reexpression of PSA-NCAM monitored by immunofluorescence for PSA after endoneuraminidase (endoN) treat- 
ment of hypothalamic organotypic slice cultures. After enzyme washout, live cells were maintained in culture medium containing 
PSA antibody; they were then fixed and incubated with OT-Np antibodies. Immunoreactivities were revealed with appropriate 
fluorescent labels. Such immunolabelling for OT-Np (A-C) and PSA (Al-Cl) shows that after overnight exposure to the enzyme, 
PSA immunolabel is no longer detectable on the surface of oxytocinergic axons (A, Al). The fluorescence, still visible in Fig. Al, is 
due to background labelling. Specific PSA immunoreaction reappears 4 h after enzyme washout (arrows, Bl ); by 7 h (CI), it covers 
the surface of many axons. Note that OT-Np immunoreactivity is not affected by this treatment. Epifluorescence with appropriate 

filters. Scale bar — 20 jxm. 



Fig. 1. (A, B) Magnocellular oxytocinergic (OT) neurons maintained in hypothalamic organotypic slice cultures. After three weeks 
in vitro, the neurons, identified by immunofluorescence for oxytocin-related neurophysin (OT-Np), possess large (20-40 u*m) 
somata from which arise two to four thick, dendritic-like processes; their axons are thin, beaded and display complex arborization 
patterns (B). (C-E) Expression of the polysialylated isoform of neural cell adhesion molecule (PSA-NCAM), in hypothalamic 
organotypic slice cultures. After three weeks in vitro, immunoreactivity for PSA on NCAM is visible on the surface of axonal-like 
fibers that are (C, CI) or not (D, Dl ) oxytocinergic. In D, Dl , PSA-positive fibers (arrows) appear to contact an OT soma. Note that 
PSA immunoreactivity is not associated with the surface of OT somata and dendrites. In E, El , the axonal nature of fibers displaying 
PSA immunoreactivity is illustrated by their reaction for the axonal phosphoprotein, GAP-43. Epifluorescence with appropriate 
filters. Scale bars = 50 p,m (A, B, D, Dl) and 25 p.m (C, CI, E, El). 
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Fig. 3. Effect of neuronal activity on PSA-NCAM reexpression after endoN treatment in hypothalamic organotypic slice cultures. 
After enzyme washout, live cells were maintained in culture medium containing PSA antibody and factors affecting neuronal 
activity; they were then fixed and incubated with OT-Np antibodies. Four hours after enzyme washout, incubation of cultures with 
medium containing Mn 2+ to block Ca 2+ entry (A, Al) or TTX to inhibit electrical activity (B, Bl) had no effect and PSA 
immunolabel (arrows) was visible on OT axons. Likewise, cultures incubated in 56 mM KC1 (C, CI) displayed PSA immuno- 
reactivity on axonal surfaces in a manner similar to that in cultures incubated in normal medium. Note that the highly fluorescent 
circular profiles in all figures are due to unspecific background labelling. Epi fluorescence with appropriate filters. Scale 

bars = 20 p.m. 



entry of Ca 2+ after depolarization (reviewed in Refs 8 
and 9). Our organotypic cultures allowed us to test 
directly the role of electrical activity on PSA-NCAM 
surface expression since their magnocellular neurons retain 
electrical properties of hypothalamo-neurohypophysial 
neurons in vivo, including their control by glutamatergic 
and GABAergic afferents. 18 " 20 In agreement with the 
tenet that PSA-NCAM follows a constitutive pathway 
in these cells, we found that all procedures known to 
alter their electrical activity or to couple electrical activ- 
ity with neurosecretion failed to modify expression of 
PSA-NCAM on their cell surface. Thus, blockade of 



electrical activity by TTX, of synaptic drive by glutamate 
and GABA receptor antagonists, or of Ca 2+ entry by 
Ca 2+ channel blockers, did not change the time-course 
of PSA-NCAM reexpression after enzymatic removal 
of all surface PSA. However, stimulation of electrical 
activity by elevated extracellular K4- concentrations 
known to facilitate depolarization and neurosecretion 19 
failed to accelerate reexpression. Taken together, then, 
all these observations make it clear that PSA-NCAM 
expression in hypothalamo-neurohypophysial neurons 
does not depend on their electrical activity. 

In contrast, the data obtained after cooling strongly 
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Fig. 4. PSA immunoreactivity in hypothalamic organotypic cultures maintained at 20°C. Incubation of cultures at 20°C for 12 h 
resulted in accumulation of PSA immunolabeling (green-yellow) in the cytoplasm of OT-Np- (red, A) and GFAP-positive astrocytic 
(arrows, B) somata. PSA immunoreactivity is not detectable on axonal surfaces (A). Note that such cooling did not affect peptide 
transport since OT-Np immunoreactivity (A) is clearly visible in axons and dendrites. (A) Confocal image generated from an overlay 
of 20 optical sections of two single projections for PSA (green) or OT-Np (red). (B) Epi fluoresce nee with appropriate filters. Scale 

bars = 30 jtm. 



support the contention of a constitutive pathway of PSA- 
NCAM expression. Cooling down to 20°C, a procedure 
known to retard and even block the constitutive pathway 
of glycoprotein transport, 9,24,26 44 blocked surface expres- 
sion of PSA-NCAM in our neurons, as it was shown to do 
in other cells. 1,36 It is noteworthy that OT-Np immuno- 
reactivity in oxytocinergic axons and dendrites in the 
cooled cultures was not affected by this temperature, 
which is not surprising since regulated transport 
continues unaffected down to 4°C. 9,26,44 As expected, 24,26 
the effect of cooling to 20°C was reversed by warming 
the cultures to 37°C. Similar observations can be obtained 
in acute slices of adult rat hypothalamus where accumu- 
lation of PSA immunoreactivity is detectable in the 



somata of some magnocellular neurons maintained at 
18°C even for 4h (Theodosis & Israel, unpublished 
observations). 

That delivery of PSA-NCAM to the plasmalemma of 
neurosecretory axons occurs via the constitutive pathway 
means that upon exiting the TGN, PSA-NCAM is not 
sequestered in neurosecretory granules. 44 This explains 
why PSA immunoreactivity is not visible in neuro- 
secretory granules 22,39 and why PSA-NCAM expression 
in the hypothalamo-neurohypophysial system is not 
affected by situations which modify neurosecretion. 5,39,43 
For example, during lactation and osmotic stimulation, 
levels of neurohypophysial hormones significantly 
increase in magnocellular somata and decrease in 
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Fig. 5. PSA immunoreactivity in hypothalamic organotypic cultures treated with endoN for 12 h, then incubated at 20°C for 24 h, 
and again at 37°C for 4 h. The cooling effect is reversible since PSA immmunoreactivity, while still visible in the cytoplasm of OT 
somata (Al), now also appears on the surface (arrows, Bl) of OT axonal fibers (B). Epifluorescence with appropriate filters. Scale 

bars = 50 pjn (A, Al) and 25 u.m (B, B I). 



neurohypophysial axons from which they are released 
by regulated exocytosis. The expression of molecules 
colocalized with these peptides, like chromogranins 11 
or F3/contactin, 31 another cell adhesion molecule of the 
Ig superfamily, follow similar patterns. In comparison, 
the expression of PSA-NCAM appears relatively stable. 41 
Not only neurons, but astrocytes express PSA-NCAM 
in the hypothalamo-neurohypophysial system as well. 
This is particularly visible in vivo where strong PSA 
immunoreactivity is associated with astrocytes in the 
hypothalamic magnocellular nuclei 39,43 and pituicytes, 
the astrocytic derivatives of the neurohypophysis. 2239 - 43 
In our organotypic cultures, however, PSA-NCAM levels 
in astrocytes must be low since we were not able to detect 
PSA immunoreactivity in these cells under normal or 
stimulated conditions of neuronal activity. However, 
the cells were strongly PSA-immunopositive when they 
were maintained at 18-20°C. Astrocytes synthesize and 
release a large variety of substances, 25 but relatively little 
attention has been paid to the mechanisms by which they 
are transported. Although one would expect that 
glia possess a constitutive mechanism for glycoprotein 
transport to their cell surface, it is not clear whether 
they can also undergo activity-dependent regulated 
secretion (see also Ref. 25). Concerning hypothalamo- 
neurohypophysial astrocytes, there is no morphological 
evidence that they possess recognisable secretory vesi- 
cles or release zones. 38 As shown here, transport of 
molecules like PSA-NCAM to the cell surface of hypo- 
thalamic astrocytes occurs via the constitutive pathway. 



Earlier studies reported that PSA-NCAM reaches the 
cell surface via the constitutive 1,36 or regulated path- 
way. 21,27 Taken together with our present observations, 
this would mean that this particular cell adhesion mole- 
cule can follow different pathways for surface expression 
in different cells. This possibility is not unlikely in view 
of recent observations showing that glycoproteins like 
brain derived neurotrophic factor and neurotrophin 3 
can follow the constitutive and regulated pathways 
within the same cell and can even be shunted from one 
pathway to the other under certain conditions. 12 



CONCLUSION 

Neurons and glia of the hypothalamo-neurohypophysial 
system undergo significant activity-dependent changes in 
their morphology in the adult (reviewed in Ref. 42). 
Using in vivo enzymatic manipulation of PSA-NCAM 
expression, we recently provided direct evidence that 
PSA on NCAM is indeed necessary for such plasticity 
since neuronal and glial remodelling was inhibited in the 
endoN-treated SON of lactating and dehydrated rats. 39 
That PSA-NCAM is synthetized by both neurons and 
astrocytes of this neurosecretory system and that it is 
constitutively expressed on their surfaces would mean 
then that it is constantly available to promote such cellu- 
lar changes. As we have proposed earlier (see Ref. 40), it 
is highly probable that PSA-NCAM is not an inductive 
factor for such changes, but rather, a permissive factor 
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necessary to allow the cells to undergo remodelling 
whenever the proper stimulus intervenes. 
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